Abstract. Increasing evidence indicates that long non-coding RNA (lncRNA) plays an important role in tumorigenesis. However, the function and regulatory mechanism of lncRNAs are still unclear in esophageal squamous cell carcinoma (ESCC). To address this challenge, we screened lncRNAs expression profiles in 3 pairs of ESCC and matched noncancerous tissues by microarray assay and identified the relationship between lncRNAs expression in ESCC tissue and clinicopathological characteristics and prognosis of patients with ESCC. We found 182 lncRNAs that were significantly differently expressed in ESCC tissues versus the matched non-cancerous tissues. Gene ontology and pathway analysis results suggested that the primary biological processes of these genes were involved in extracellular matrix, immune responses, cell differentiation and cell proliferation. Through cis and trans analyzing, we found 4 lncRNAs (ENST00000480669, NONHSAT104436, NONHSAT126998 and NONHSAT112918) may play important roles in tumorigenesis of ESCC. The four lncRNAs were checked in 73 patients with ESCC. The results showed that they mainly related to tumor metastasis. Kaplan-Meier survival analysis showed that high expression of NONHSAT104436, NONHSAT126998 and low expression of ENST00000480669 were related to poor 3-year overall survival (P=0.003, 0.032 and 0.040, respectively). Multivariate analysis showed that NONHSAT104436 was an independent prognostic factor (P=0.017). Thus we concluded that, lncRNAs showed differently expression patterns in ESCC versus matched noncancerous tissues, and aberrantly expressed lncRNA may play important roles in ESCC development and progression.
Introduction
Esophageal cancer ranks as the sixth most common cancer death in the whole world (1) . This disease is usually classified into EAC (esophagus adenous cancer) and ESCC (esophageal squamous cell carcinoma) based on histological types. EAC maily occurs in European and American countries, while ESCC has a high incidence of in China, accounting for >90% of esophageal cancer. Despite decline in mortality over the past ten years, the prognosis of ESCC is still very poor and the mortality of esophageal carcinoma ranks the fourth cancer death in China (2) . The challenge ahead is that tiology and pathogenesis of ESCC are not yet clearly understood. The incidence varies significantly among different regions (1) . Recent studies have found that genetic abnormality is one of the major causes of ESCC indicating that the occurrence of ESCC may be related to the environmental factors, as well as genetic factors (3) . Therefore, to achieve early accurate diagnosis, better curative effect and prognosis assessment of ESCC, we need to understand the pathogenesis at genomic level (4) .
It is known that single stranded small molecule RNA-nonencoding RNAs (microRNAs), with a length of ~21-25 nt basic group, play a negative regulatory function in post transcriptional activity. A large number of studies have described the role of microRNA in tumorigenesis, development and metastasis of cancer (5) (6) (7) (8) . Additionally, non-encoding RNAs with long chain (long non-coding RNAs, lncRNAs) are a branch of non-encoding RNA transcript with >200 nucleotides in length and account for 80% of non-encoding RNA or more (9) (10) (11) . LncRNAs mainly achieve the regulation of gene expression in three levels, which are epigenetic regulation, transcriptional regulation, and post-transcriptional regulation (12, 13) . Considering the number, type, function and action mechanism of lncRNAs are far more abundant than miRNA, and lncRNAs may be the core of RNA world (14) , increasing number of studies show that lncRNAs have a great potential to be served as biomarkers for tumorigenesis, metastasis and
Microarray expression profile analysis of aberrant long non-coding RNAs in esophageal squamous cell carcinoma
prognosis (15) (16) (17) , and they are likely to be a new target for cancer therapy (18) (19) (20) .
Therefore, we explored the potential roles of lncRNAs involved in ESCC in this study. We performed a genome wide profiling of lncRNA expression, and investigated the potential function of these distinguishable lncRNAs, and predicted lncRNAs target genes, and observed the relationship between expression level of lncRNAs and clinicopathological features, prognosis in patients with ESCC to find new bio-molecular markers.
Materials and methods
Patients and tissue samples. ESCC tissue samples and matched non-cancerous tissues ≥2 cm away from the edge of tumor tissues used in this research were from 76 ESCC patients who underwent surgical operation from March 2012 to October 2012 in Department of Thoracic Surgery, Taizhou People's Hospital Affiliated to Nantong and Jiangsu University. All patients signed written consent before esophagus resection. All specimens were stored at -80˚C within 10 min of the resection. ESCC was confirmed by pathology, and clinical data including age, sex, tumor size, T stage, N stage, M stage and TNM stage were available for all the cases selected. We extracted 3 tissues for microarray assay, while the other 73 tissues were examined by qRT-PCR for clinicopathologic analysis. The study was conducted in compliance with Institutional Ethics Committee of Taizhou People's Hospital Affiliated to Nantong and Jiangsu University and the Helsinki Declaration.
RNA extraction. RNA was extracted from 76 pairs of frozen ESCC tissues and matched adjacent non-cancerous tissues by TRIzol reagent kit (Invitrogen, CA, USA). The primary procedures were according to the manufacturer's protocol. The total RNA was subpackaged separately and preserved at -80˚C. The concentration and purity of RNA was detected by UV spectrophotometer according to the absorbance values at 260 and 280 nm of wavelength.
Microarray analysis. Agilent Human lncRNA Microarray V2.0 (4 * 180K; Design ID, 062918; containing 46,506 lncRNAs) was used to analyze the lncRNA expression profiling of tumor tissues from ESCC patients. The lncRNA probes on gene chips were based on the well-known lncRNAs from Agilent_ncRNA, lncRNAdb, GencodeV13, H-invDb, NONCODEV3, RefSeq, ultra-conserved region encoding lncRNAs (UCR), UCSC_lincRNAs Transcripts and Ensembl. Three ESCC tissues and three matched noncancerous tissues were analyzed by microarray as follows: i) 200-ng of total RNA from each specimen was applied to generate synthetic double stranded cDNA by Quick Amp Labeling kit, One-Color (Agilent p/n 5190-2305); ii) subsequently, the double stranded cDNA as a template was transcribed into cRNA by RNeasy Mini kit (Qiagen p/n 74104) and labeled with Cy3-dCTP; iii) labeled cRNAs were hybridized to the gene microarray; iv) the microarrays were washed and scanned by an Agilent G2505C Microarray Scanner; v) the raw data were analyzed from array images by Feature Extraction software (version10.7.1.1, Agilent Technologies). The standardized data analyses and subsequent data processing were done by Genespring (version 12.5, Agilent). The microarray hybridization was performed by Outdo biotech, Shanghai, China.
Quantitative real-time polymerase chain reaction. In accordance to the manufacturer's protocol (Takara, Dalian, China), 2 µg of the above total RNA extracted from ESCC tissues and matched non-cancerous tissues was reverse transcribed to cDNA, respectively. Additionally, then the real-time PCR reactions were executed by SYbR PrimeScript (Takara) and the AbI7900 (Applied biosystems, CA, USA) as follows: i) initial denaturation for 30 sec at 95˚C; ii) 40 cycles for 5 sec at 95˚C and for 30 sec at 59˚C. Each sample was executed in triplicate. GAPDH was used as reference. The expression levels of lncRNAs were calculated by the 2 -∆∆CT method. The primer sequences are summarized in Table Ⅰ .
LncRNA co-expression analysis. For each significant differentially expressed lncRNA, we calculate the Pearson correlation coefficients (PCCs) of its expression value with expression value of each mRNA. The absolute PCCs value >0.8 was considered meaningful. The PCCs value ≤0.8 indicated negative correlation, and the value >0.8 indicated positive correlation. The P-value <0.05 was considered significant. DAVID (http://david.abcc.ncifcrf.gov/gene2gene. jsp) functional annotation database was used to analyze these correlative genes.
GO and KEGG analysis. The interrelated coding genes were reassigned to functional groups by Gene Ontology (GO: http:// www.geneontology.org) and Kyoto Encyclopedia of Genes and Genomes (KEGG: http://www.genome.jp/kegg) analysis. A brief overview of the process was as follows: firstly, we computed coexpressed mRNAs with each differentially expressed lncRNA, and then made up functional enrichment analysis for the set of coexpressed mRNAs. The enriched functional terms were used to predict functional term of appointed lncRNA. Ultimately, we applied hypergeometric cumulative distribution function to compute the enrichment of functional term in annotation of coexpressed mRNAs. The functional enrichment prediction of lncRNAs was based on biological processes, molecular function, cellular component and specific pathways.
Cis analysis. lncRNAs regulate the target gene expression by cis or trans mechanism. For analysis of the cis regulatory roles, the co-expressed lncRNAs-mRNAs were transcribed from the same local chromatin. Therefore, cis analysis could be an effective way to predict the target genes of lncRNAs. The potential cis-regulated mRNAs of lncRNAs had to meet the two following conditions: i) the mRNAs loci to be within 300 kbp windows of the given lncRNA; ii) the PCCs of lncRNAs-mRNAs coexpression were statistically significant (PCCs >0.8 or PCCs ≤0.8; and P<0.05). The cis-regulation regions were identified according to their location distributions by UCSC Genome browser.
Trans analysis. Target genes of lncRNAs also can be determined by trans mechanism. Firstly, we worked out each differentially expressed IncRNA co-expressing coding genes and transcription factor in ENCODE (Encyclopedia of DNA Elements) (21), then we calculated the significance of differential genes enrichment in each TF term via hypergeometric distribution test method. A P-value enriched with significance will be returned after calculation: a small P-value indicated that differential genes incur enrichment in that TF item. Next, we counted the intersection of co-expressing coding gene sets of lncRNAs and target gene sets of transcription factor/ chromatin-regulated compounds, assessing the enrichment degree of the intersection by hypergeometric distribution, and obtaining the transcription factor obviously correlated to the IncRNAs to detect the transcription factors/chromatinregulated factors probably jointly exerting regulating effect with IncRNAs. Finally, visible network diagrams based on the analysis result of hypergeometric distribution were drawn.
Statistical analysis. The paired sample t-test was used to compare the expression level of lncRNAs. PCCs were calculated to evaluate the correlations between the expression level of lncRNAs and mRNAs. A 2-tailed Student's t-test was applied to compare the data on clinicopathological characteristics. The survival with log-rank score to examine the statistical significance was assessed using Kaplan-Meier analysis. The relative risk was evaluated using the multivariate Cox regression model, and hazard ratios with 95% confidence intervals were quantified to calculate the results. All statistical tests were analyzed with SPSS 17.0 System (SPSS, Chicago, IL, USA). P-value <0.05 was considered having statistical significance.
Results
lncRNA expression profile of ESCC. by comparing the lncRNA expression profiles in ESCC tissues and paired non-cancerous tissues, we acquired hundreds of differentially expressed lncRNAs from 3 patients with ESCC. The criteria of significant differential lncRNAs expression were defined as the absolute fold change (FC) value >2.0 and the P-value <0.05. by the criteria mentioned above, the microarray results displayed that 182 lncRNAs, 106 upregulated and 76 downregulated, were significantly changed in ESCC tissues compared with paired non-cancerous tissues. The most upregulated lncRNAs were NONHSAT104436, ENST00000539535, ENST00000589379, NONHSAT023881 and ENST00000598376, of which NONHSAT104436 showed the largest upregulation (absolute FC, 27.25). The most downregulated lncRNAs were ENST00000530190, NONHSAT047224, ENST00000480669, NONHSAT142201 and NONHSAT083762, of which ENST00000530190 showed the largest downregulation (absolute FC, 17.88). The top 20 up-and downregulated lncRNAs are listed in Table Ⅱ . The hierarchical clustering of the different expression lncRNAs among specimens were demonstrated in the heat map (Fig. 1A) . by experimental experience, accurate and effective results of PCR verification were more likely obtained for lncRNAs with absolute value of FC >8. Therefore, we chose 10 significant differentially expressed lncRNAs randomly from microarray results (absolute FC >8) to validate using qRT-PCR (Fig. 1b) . These data suggest that a range of lncRNA expression abnormalities in ESCC could be involved in the occurrence of ESCC.
LncRNA-mRNA coexpression profiles and the lncRNA function annotation. In order to investigate the function of lncRNAs with significant differential expression in ESCC, we mapped the lncRNA-mRNA coexpression pattern by calculating the PCCs of each lncRNA and mRNA expression value. Each lncRNA was found to be correlated with a set of mRNAs. As the file was too large, we selected NONHSAT104436 from the 182 significantly differentially expressed lncRNAs as a representative to explore the function of lncRNAs. NONHSAT104436 showed the highest upregulated lncRNAs (absolute FC, 27.25) among ESCC tissues versus paired non-carcinoma tissues. As the standard of absolute PCCs value >0.8, a total of 1,969 genes (e.g., SOX2) were related to lncRNA NONHSAT104436. The top Table Ⅲ . Further, GO and KEGG pathways were applied to annotate the lncRNA NONHSAT104436 co-expressed mRNA function. Altogether 370 enrichment GO terms were acquired. by the ranks of enrichment, the top 20 reliably predicted terms from GO analysis are listed in Table Ⅳ . It indicates that the significantly enriched GO terms were involved in structural constituent of ribosome, protein binding, angiotensin maturation, regulation of cellular amino acid metabolic process and cytosolic large ribosomal subunit. Moreover, the KEGG pathways analysis results are listed in Table Ⅴ , including ribosome, proteasome, glyoxylate and dicarboxylate metabolism, RNA degradation and arginine and proline metabolism. Then, the whole set of significantly differentially expressed lncRNA co-expression mRNAs were also annotated by applying GO and KEGG pathway analysis. based on enrichment ranks, the top 200 and 500 reliably predicted terms from GO and KEGG pathway analysis were selected, respectively (Fig. 2) . In our survey ( Fig. 2A  and b) , the GO analysis showed that the enrichment terms in biological process mainly included TAP-independent, cell differentiation, collagen fibril organization, cell proliferation and cell adhesion. With respect to cellular components ( Fig. 2C and D) , the significant enrichment terms connect with differentially expressed lncRNAs mainly included nuclear chromosome, condensed chromosome kinetochore, U4 snRNP, MCM complex and proteasome core complex. Finally, ATP binding, DNA polymerase binding, actin binding, poly(A)RNA binding and platelet-derived growth factor binding were involved in the significant enriched molecular function ( Fig. 2E and F) . Likewise, the KEGG pathway analysis showed that the top five enrichment terms ( Fig. 2G and H) were ECM-receptor interaction, cell cycle, small cell lung cancer, viral carcinogenesis, pathway in cancer.
Analysis of cis regulatory mRNAs of the aberrant lncRNAs.
In order to predict the potential 'cis-regulated mRNAs' of lncRNAs, we identified the same locus co-expressed genes within 300 kbp windows of the significantly differentially expressed lncRNAs. based on the absolute PCCs value >0.8 and P-value <0.05, the results of the cis prediction analysis are listed in Table Ⅵ . It included 50 significantly differently expressed lncRNAs and 67 different mRNAs. because some genes had two or even more transcripts, the 50 lncRNAs had 85 cis genes (Table Ⅵ) . Among these, lncRNA TCONS_00012018 had 5 cis genes, and two lncRNAs (NONHSAT119511 and TCONS_00017817) had 3 cis genes. VEGFA and WISP1 were the cis genes of the aberrantly expressed lncRNAs NONHSAT112918 and NR_037944.1, respectively.
Analysis of trans regulatory mRNAs of the aberrant lncRNAs.
Transcription factors could mediate chromatin regulation and transcription, which interact with many lncRNAs. Therefore, trans regulatory mechanism could be another useful indicator to predict lncRNA-target genes. In this study, differentially expressed IncRNAs co-expressed coding genes enrichment in TFs terms demonstrated that a total of 168 lncRNAs were regulated by 95 TFs. Next, we selected the top 200 and top 500 according to predicted reliability rank in previously mentioned relation of 'IncRNA-TF', recording the frequency of each TF and summarizing those TFs with a great number of functional annotations to reflect the overall function distribution of the differentially expressed IncRNAs (Fig. 3) . As demonstrated in Fig. 3 , these lncRNAs may be mostly regulated by the 20 TFs. As each lncRNA could secure one to many TF-lncRNA relation groups, the network of TF-lncRNA is too large. Therefore, we took the top 100 regulating relations based on P-value to draw binary-relation network diagrams using Cytoscape software (Fig. 4) . In Fig. 4 , 56 lncRNAs and 20 TFs were involved, and the transcription factors GTF2F1, SIN3A and IRF3 were the most invloved, which modulate 13, 13, and 11 lncRNAs, respectively. Considering IncRNA-TF was derived from the enrichment of various genes, we drew ternary-relation network diagrams on account of the top 300 IncRNA-genes and TF-genes relation groups to reflect the relationship of TFs, lncRNAs and target genes (Fig. 5) . It includes 3 upregulated lncRNAs (NONHSAT126998, TCONS_00006172 and XR_245796.1) and 1 downregulated lncRNA (XR_245796.1), 3 TFs (bCLAF1, GTF2F1 and SIN3A) and 124 target genes in this map.
Target gene predictions. The regulatory roles of lncRNA on target genes were mediated by cis-and trans-regulatory mechanisms (22, 23) . In this study, the cis analysis indicated 50 lncRNAs regulated 85 mRNAs (Table Ⅵ) . Among these target genes, biological function of VEGFA and WISP1 have been reported in ESCC, and their paired lncRNAs were NONHSAT112918 and NR_037944.1, respectively. Considering the trans-regulatory mechanisms, differentially expressed IncRNAs co-expressed mRNA enrichment in TFs terms indicated that lncRNAs may be mostly regulated by the 20 TFs (Fig. 3) . It has been reported in the literature that these TFs SP1, E2F1 and bCLAF1 were related with ESCC development (24) (25) (26) . Analyzing the relationship between lncRNAs and TFs, we found that the three TFs closely related to 22 lncRNAs, and which indicated that they may have important function in ESCC. To further explore potential biological roles of lncRNAs in ESCC, we selected lncRNAs based on FC value >10 and lncRNA-mRNA co-expression analysis PCCs >0.90. The co-expressed coding genes should accord with GO and KEGG terms enrichment such as cell differentiation, ECM-receptor interaction, cell proliferation, pathway in cancer. Their target genes biological functions had been reported in ESCC in numerous cases. Ultimately, we selected four lncRNAs ENST00000480669, NONHSAT104436, NONHSAT126998 and NONHSAT112918, and the target genes were MMP9, SOX2, CDK4, and VEGFA, respectively. The screening process was as showed in Fig. 6 . 
Association analysis of lncRNAs with clinicopathological characteristics.
To better understand the roles of lncRNAs in ESCC, we first checked the expression levels of the 4 lncRNAs (ENST00000480669, NONHSAT104436, NONHSAT126998 and NONHSAT112918). The expression of lncRNAs were quantified via RT-PCR converting the 2 -∆∆Ct to log (2 -∆∆Ct ) values in ESCC tissues and matched noncancerous tissues (Fig. 7) . The data demonstrated that the expression pattern of the four selected lncRNAs analyzed by microarray was consistent with that done by RT-PCR. We next compared the expression levels of these genes with some specific clinicopathological characteristics. The results are listed in Tables Ⅶ and Ⅷ. ENST00000480669 was significantly related to lymph node metastasis (P= 0.026). NONHSAT104436 was significantly related to distant metastasis (P= 0.008). NONHSAT126998 was significantly related to lymph node metastasis (P=0.010) and TNM stage (P= 0.019). In addition, NONHSAT112918 was significantly related to tumor infiltrating stage (P= 0.034).
Correlations between lncRNA expression and ESCC prognosis. Univariate survival analysis was used to evaluate the relationship between the lncRNA expression level and cancer prognosis. There were no samples excluded from the univariate survival analysis during the three years of follow-up. The 3-year overall survival rate of 73 patients was 39.7%. The outcome of statistical analysis showed that the cumulative overall survival rate was poor with high expression of NONHSAT104436 and NONHSAT126998. The 3-year survival rate for ESCC patients with high expression of NONHSAT104436 was 25.5%, whereas, the patients with NONHSAT104436 low expression had a 3-year survival rate of 65.4% (P=0.003, Fig. 8 ). The results of NONHSAT126998 were similar to that of NONHSAT104436. The patients with high expression of NONHSAT126998 had a poorer 3-year survival rate (31.1.0%) than the patients with low expression of NONHSAT126998 (53.6%; P= 0.032, Fig. 8 ). On the contrary, the findings of ENST00000480669 were different from NONHSAT104436 and NONHSAT126998, i.e., patients with high expression of ENST00000480669 gained a relatively higher 3-year survival rate (53.8%) than patients with low expression of ENST00000480669 (31.9%; P= 0.040, Fig. 8 ). There was no statistical significance for the overall survival rate between high expression and low expression of NONHSAT112918 (P=0.374). Three-year survival rate for high and low expression was 33.3 and 41.7%, respectively ( Fig. 8) . From the multivariate Cox regression analysis, only NONHSAT104436 was an independent prognostic factor (P=0.017; 95% CI, 1.226-8.123; Table Ⅸ) .
Discussion
Recently, lncRNAs were reported to be involved in numerous biological process and be connected with various diseases, such as cancer (27) (28) (29) , and many lncRNAs play critical roles in regulating gene expression (30, 31) . Since AFAP1-AS1 (an lncRNA transcript) was demonstrated differentially expressed in esophageal adenocarcinoma, an increasing number of aberrant expression of lncRNAs have been reported in esophageal cancer (32) . However, the understanding of the genome-wide expression patterns and functions of lncRNAs in ESCC is still limited. In this study, we examined the profiles of lncRNA expression in ESCC tissues and matched non-cancerous tissues by microarray assay and identified 182 lncRNAs with statistically significant different expression patterns. Then, we performed an integrated analysis of these lncRNAs, concentrating on lncRNA co-expressed gene analyses, gene ontology and pathway analyses, target gene prediction analyses to explore their potential function and target genes in ESCC. Finally, we selected four dysregulated lncRNAs (ENST00000480669, NONHSAT104436, NONHSAT126998 and NONHSAT112918) to validate their expression patterns in patients with ESCC by qRT-PCR. The four lncRNAs showed significant correlation to certain clinicopathological features, including lymph node metastasis, tumor infiltrating stage, distant metastasis and TNM stage. ENST00000480669, NONHSAT104436 and NONHSAT126998 were related to the prognosis of ESCC in cancer patients. Among the four aberrant lncRNAs, only NONHSAT104436 was an independent prognostic factor.
It is known that the expression of a single lncRNA could be correlated with hundreds of coding genes. Therefore, it is a big challenge to decipher the functions of lncRNAs. Compelling evidence has shown that similar expression patterns of genes potentially shared related functions or were involved in the same biological pathways (33, 34) . The GO concept used a common vocabulary to query and retrieve gene and gene product based on their core biological functions through a dynamic and flexible way in multiple organisms (35) . Here, we constructed coexpression of coding-non-coding genes and used GO and pathway analysis to predict the lncRNA functions in ESCC. based on our data, the main enriched biological processes in predicting differently expressed lncRNAs were closely tied up to ESCC development and progression, such as 'extracellular matrix', 'immune responses', 'cell differentiation', 'cell proliferation'. In the above main enriched terms from GO analysis, the most significant GO term in biological processes was 'extracellular matrix', indicating that dysregulated lncRNAs could play the leading role in regulating extracellular matrix expression. While the extracellular matrix is the first barrier to hold back the metastasis of tumor, based on the significant KEGG pathways analyses, the most correlated pathways were 'cell cycle', 'ECM-receptor interaction', 'pathways in cancer', 'TGF-β signaling pathway' and 'transcriptional misregulation in cancer', which also proved that the aberrant lncRNAs may play an crucial role in ESCC development and progression. In these lncRNAs, NONHSAT104436 drew our attention, as it was the most upregulated in the 182 significantly differently expressed lncRNAs, and it was significantly associated with SOX2 (PCC, -0.99), whose function has been confirmed in ESCC and was consistent with GO and pathway analysis.
because of the diverse and complex functions of the lncRNAs, the molecular regulatory mechanisms of lncRNAs remain unknown. The function of lncRNAs has been reported to regulate their own transcriptions or their neighboring coding genes by cis-regulatory mechanisms (36, 37) , which was regarded as an lncRNA intrinsic capacity (38) . The cis-regulatory mechanism was reported to be used as one of the methods to predict the lncRNA target genes (23) . In this study, there are 50 significantly different expressed lncRNAs that regulate 85 mRNAs by cis regulatory mechanisms. With regard to their expression changes, 74 pairs demonstrated positive correlation, and 11 pairs have negative correlation. Among these genes, VEGFA was the cis gene of lncRNA NONHSAT112918, and its biological function has been confirmed in ESCC by a large number of scientific studies. As the target genes were regulated by each corresponding lncRNA, expression change of lncRNAs in ESCC tissue may influence the expression of the target genes, and these lncRNAs may affect ESCC development and progression. Through analyzing the cis, we may gain the target genes of lncRNAs and more information about their regulatory mechanisms in ESCC.
However, the lncRNA co-expressed encoding genes mostly lie in different regions of the same chromosome, or even in different chromosomes. So it is not enough to predict the target gene of lncRNAs by using the cis regulation mechanism only. The trans regulation mechanism of lncRNAs can regulate the expression of target genes on a different locus. It was reported that many lncRNAs interact with transcription factors, and increasing evidence proves the trans mechanism in lncRNAs. Jiang et al and Yang et al developed web-based tools to provide integrated views for common transcription factors and lncRNA genes based on ChIP-Seq data (39, 40) . Lopez-Pajares et al constructed an lncRNA-TF network for epidermal differentiation (41) . based on trans-regulatory mechanism, this study demonstrated 168 lncRNAs were regulated by 95 TFs. Through cluster analysis, we found most of the aberrant IncRNAs co-expressed mRNAs enriched in 20 TFs, which may play an important role in regulating lncRNA expression in ESCC. Three TFs E2F1, bCLAF1 and SP1 of the above 20 TFs have been reported in ESCC (24) (25) (26) . The biological meaning of the elevated expression of TFs GTF2F1, SIN3A and IRF3 in ESCC remain to be validated. We explored the relationship of lncRNA-TFs and lncRNA-TFs-target genes. The results showed lncRNAs ENST00000480669 and NONHSAT126998 were significantly associated with E2F1 and bCLAF1, which indicated that they may have important function in ESCC.
Aberrant lncRNAs have been reported to be involved in tumorigenesis, invasion and metastasis (15) (16) (17) . Investigating differential expression of lncRNAs in various tumor tissues may provide new understanding for cancer diagnosis, prognosis and targeted therapy. For instance, the lncRNA HOTAIR expression was elevated in primary and metastasizing breast tumors, and the expression level of HOTAIR in primary tumors was a strong predictor of final metastasis and prognosis (29) . Li et al suggested that a three-lncRNA signature containing lncRNAs XLOC_013014, ENST00000435885.1 and ENST00000547963.1 was a novel biomarker for the prognosis of ESCC (42) . High-throughput cancer genome sequencing also have identified valuable biomarkers in ESCC (4, 43) . In this study, we first reported four lncRNAs whose coding genes had been proved positively correlated with ESCC and the relationship among those four lncRNAs and clinical clinicopathological features, prognosis were analyzed in 73 patients with ESCC. We discovered all the four were significantly related with one or more clinicopathological features. More importantly, the ESCC patients with high expression of NONHSAT104436 were vulnerable to cancer metastasis. Further univariate survival analysis demonstrated that ESCC patients with low expression of ENST00000480669 had a markedly decreased survival rate in a 3-year survey. In addition, ESCC patients with low expression of NONHSAT126998 or NONHSAT104436 had a better prognosis. These results indicate that ENST00000480669, NONHSAT104436 and NONHSAT126998 were worth exploring in predicting prognosis for ESCC patients. Significantly, in the multivariate analysis, the retrospective study of 73 ESCC patients indicated that NONHSAT104436 was the only independent prognostic factor in ESCC. This result provides that NONHSAT104436 may be a promising biomarker for diagnosis and prognosis of ESCC.
